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Executive  Summary 


Background 

IDA  was  asked  by  the  Defense  Advanced  Research  Projects  Agency  (DARPA)  to 
make  an  assessment  of  the  issue  of  global  food  security.  Many  studies  in  the  literature  and 
the  popular  press  suggest  that  the  world  will  not  be  able  to  support  the  expanding 
population  of  the  world  into  the  mid-21st  century.  It  has  been  purported  that  emerging 
economies  such  as  China,  India,  and  Brazil  will  eventually  place  a  large  burden  on  the 
global  food  supply  with  their  increasing  populations  and  their  eventual  demand  for  a  more 
Western-style  diet  that  consists  of  greater  proportions  of  meats,  oils,  and  fresh  vegetables. 
DARPA  was  interested  in  having  IDA  review  projections  and  scientific  studies  in  the 
literature  and  assess  the  state  of  the  art  and  detennine  if  it  was  likely  that  the  world  would 
have  an  impending  food  crisis  in  2050.  IDA  was  also  asked  to  specifically  assess  the  food 
security  status  of  China  and  India,  which  are  the  two  largest  emerging  economies  that  may 
have  serious  food  security  challenges  in  the  future. 

Global  Food  Security 

IDA  found  that  the  main  assessments  of  current  hunger  and  undernourishment  and 
projections  of  food  security  are  made  by  the  United  Nations  Food  and  Agricultural 
Organization  (FAO).  The  FAO  has  been  collecting  agricultural  data  from  individual 
nations  for  decades  and  makes  yearly  assessments  of  the  current  state  of  food  insecurity 
and  periodic  projections  of  future  global  food  security.  The  FAO  assessment  of  food 
security  in  2050  presents  a  likely  future  based  on  projections  of  current  agricultural 
production  and  consumption.  It  also  takes  into  account  future  projections  of  world 
population  and  economic  indicators  such  as  gross  domestic  products  (GDPs)  of  nations. 

The  FAO  assessments  indicate  that  the  proportion  of  undernourished  in  the  world  has 
been  decreasing  over  the  past  two  decades  and  projects  that  the  percentage  of 
undernourished  people  in  the  world  will  continue  to  decline.  By  2050,  FAO  estimates  that 
320  million  individuals  will  still  be  undernourished  out  of  a  world  population  of  9.7  billion. 
The  world  will  continue  to  be  food  insecure,  but  that  food  insecurity  will  be  localized  to 
the  Least  Developed  Countries  (LDCs)  of  Sub-Saharan  Africa  and  Asia.  The  main  driver 
of  food  insecurity  is  not  a  question  of  whether  the  world  can  produce  enough  food  for  the 
world  population,  but  whether  it  can  be  accessed  by  the  world’s  poor.  World  food  prices 
and  social  inequality  will  continue  to  prevent  many  areas  from  accessing  food,  and  they 
will  continue  to  be  food  insecure. 
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Other  assessments  in  the  literature,  such  as  those  by  the  U.S.  Department  of 
Agriculture  and  the  World  Resource  Institute,  generally  agree  with  the  FAO  assessment, 
although  there  is  some  criticism  of  the  FAO’s  data  and  methodology.  Critics  argue  that  the 
data  used  for  the  FAO  assessment  are  generally  incomplete  and  not  rigorously  measured 
by  submitting  countries.  Also,  the  FAO’s  metric  for  measuring  food  security,  the 
prevalence  of  undernourishment,  is  an  imperfect  measure  of  global  food  security.  Still 
others  argue  that  the  FAO  presents  a  too  positive  future  because  the  effects  of  climate 
change,  water  scarcity,  and  economic  food  price  shocks  are  not  considered  in  their  analysis. 

IDA  could  find  no  compelling  data  to  indicate  that  there  will  be  a  worldwide  food 
crisis  by  2050.  The  projections  in  the  literature  generally  agree  that  there  will  be  adequate 
resources  for  the  world  to  produce  enough  food  for  the  growing  population.  As  many  of 
the  studies  pointed  out,  however,  if  other  factors  such  as  the  relatively  unpredictable  effects 
of  climate  change,  the  limited  availability  of  fresh  groundwater,  and  the  sustainable 
production  of  agricultural  products  are  considered,  the  future  of  global  food  security  may 
not  be  as  assured  as  the  FAO  projection  concludes.  DARPA  specifically  asked  IDA  not  to 
consider  these  factors  in  its  analysis.  When  these  uncertainties  of  the  future  are  ignored, 
the  question  of  feeding  the  global  population  is  dominated  by  food  access  by  the  poorest 
of  the  world’s  population. 

Food  Security  in  India  and  China 

IDA  assessed  the  food  security  issues  of  agricultural  production,  consumption,  trade, 
and  potential  food  security  shocks  for  India  and  China  by  reviewing  the  literature  and 
supporting  agricultural  data  provided  by  FAO  databases  like  FAO  ST  AT.  The  food  security 
picture  of  the  two  countries  is  vastly  different.  China,  while  making  great  strides  to  achieve 
improvements  in  food  security  in  the  20th  century,  is  facing  many  challenges  for  future 
food  security.  India,  on  the  other  hand,  currently  lags  the  rest  of  the  emerging  countries  in 
food  security,  but  has  many  internal  natural  resources  that  could  be  harnessed  to  ensure  its 
food  security  for  the  first  half  of  the  21st  century.  IDA’s  assessment  of  future  Chinese  and 
India  food  security  issues  are  summarized  in  the  table  below  as  a  stoplight  chart. 

Agricultural  production  in  China  and  India  is  at  a  level  that  both  countries  are 
currently  able  to  achieve  self-sufficiency  in  many  agricultural  commodities,  including 
meat,  cereals,  and  oil  crops.  China  and  India  are  not  dependent  on  trade  to  meet 
consumption  demands  of  their  individual  populations  for  these  commodities.  Production 
trends,  however,  indicate  that  agricultural  yields  are  no  longer  increasing  in  China,  which 
is  likely  because  many  techniques  of  improving  yields  on  the  current  amount  of  arable 
land,  such  as  double-cropping  and  increasing  cropping  intensity,  have  already  been 
maximized.  In  India,  agricultural  yields  are  not  maximized  since  many  of  the  fanns  there 
have  not  yet  taken  advantage  of  the  benefits  of  the  Green  Revolution  that  occurred  in  the 
developed  world  in  the  mid-20th  century. 
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Summary  of  Chinese  and  Indian  Food  Security 


Indicator 

China 

India 

Indicator 

China 

India 

Production 

Food  Security  Shocks 

Agricultural  Yield 

Water  Scarcity 

Self-sufficiency 

Arable  Land 

Cereals 

Pollution 

Vegetables 

Weather  Extremes 

Meat 

Consumption 

Trade 

Meat 

Food  Access 

Vegetable  Oils 

Cereals 

Red  =  Likely  an  issue. 

Yellow  =  Potentially  an  issue. 

Green  =  Not  an  issue. 

Consumption  statistics,  particularly  in  meat,  vegetable  oils,  and  fresh  vegetables,  have 
been  used  as  an  indication  that  many  emerging  economies  may  be  graduating  to  a  Western- 
style  diet.  A  Western-style  diet  consists  of  greater  than  3,000  kcal/person/day  with  a  high 
proportion  of  protein  derived  from  meat.  Many  researchers  in  food  security  worry  that  if 
these  countries  do  adopt  the  diet,  enormous  resources  will  be  required  to  support  the 
increased  meat  production  throughout  the  developing  world.  Analysis  of  the  per  capita 
consumption  of  meat  and  vegetable  oil  shows  that  China  may  already  have  developed  a 
Western  diet.  Meat  consumption  in  China  per  capita  is  continuing  to  increase,  and  it  may 
not  show  signs  of  slowing.  China  is  now  resorting  to  the  world  trade  market  to  supplement 
its  domestic  supply  of  meat  and  vegetable  oils,  which  may  put  strain  on  the  world  food 
supply  in  the  future.  India,  on  the  other  hand,  has  not  experienced  this  “livestock 
revolution.”  Meat  consumption  per  capita  in  India  is  lower  than  that  of  China  and  the  West. 
Indian  meat  consumption  is  decreasing  over  time,  and  India  is  becoming  a  net  exporter  of 
meat.  On  the  other  hand,  vegetable  oil  consumption  is  increasing  in  India  and  China,  and 
domestic  production  is  not  keeping  up  with  demand. 

China  will  face  a  number  of  challenges  in  the  future  that  could  induce  shocks  to  the 
global  food  market  and  affect  food  prices.  China  has  limited  arable  land  for  agriculture, 
and  its  water  is  relatively  scarce  and  polluted.  Agriculture  is  confined  to  a  land  area  in 
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China  that  is  physically  separate  from  areas  with  the  greatest  rainfall,  which  means  that 
getting  water  supplies  to  cropland  is  an  enormous  challenge.  These  factors  could  limit 
China’s  ability  to  expand  agricultural  production  in  the  future.  India,  on  the  other  hand,  has 
the  second  largest  cropped  area  in  the  world,  with  some  additional  arable  land  that  could 
be  used  for  future  agricultural  expansion.  Freshwater  for  agriculture  is  also  sufficient  for 
India’s  needs.  Both  countries  are  susceptible  to  monsoons  in  their  individual  climates, 
which  have  the  potential  to  affect  agricultural  yields  and  food  security  of  the  countries. 
India  still  has  a  food  access  challenge — much  of  its  rural  population  cannot  achieve  food 
security  due  to  economic  and  social  barriers. 

China’s  future  food  security  appears  to  be  more  tenuous  than  that  of  India.  China  is 
attempting  to  combat  future  food  insecurity  by  investing  in  technological  advancements 
such  as  using  resource-efficient  cultivars  (a  plant  produced  by  selective  breeding), 
genetically  modified  organisms  (GMOs),  and  building  canals  to  transport  water  to  cropland 
to  improve  crop  yields.  China  is  also  engaging  some  of  the  LDCs  in  Africa  where  arable 
land  is  more  plentiful  and  may  be  able  to  make  up  domestic  production  shortfalls  by 
advancing  agricultural  technologies  in  that  part  of  the  world. 

Should  China’s  potential  solutions  for  mitigating  food  shocks  fail  or  be  only  partly 
successful,  China  could  rely  more  on  imports  to  supplement  stagnating  internal  production, 
but  doing  so  would  put  stress  on  the  global  food  network  and  on  the  United  States  as  a 
trade  partner.  Another  factor  to  consider  is  the  question  of  India’s  consumption  of  meat. 
Should  India  decide  to  consume  more  meat,  the  effects  on  the  global  food  supply  and  global 
food  security  could  become  greater  in  the  future. 
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1.  Background 


A.  Malthusian  and  Neo-Malthusian  Thought 

The  question  about  whether  the  limited  amount  of  resources  of  the  planet  will 
eventually  limit  the  population  of  humans  has  been  asked  and  studied  throughout  human 
history.  Most  famously,  it  was  proposed  and  studied  by  the  economist  and  English  cleric 
Thomas  Malthus  in  his  Essay  on  the  Principle  of  Population  in  1798.  His  ideas  spawned 
an  entire  discipline  of  thought  called  Malthusian  theory,  which  is  still  debated  today. 
Malthus’s  observations  of  exponential  human  population  growth  combined  with  fears  of 
environmental  crises  spurred  Paul  Ehrlich,  a  biologist  at  Stanford  University,  to  write  the 
controversial  book  The  Population  Bomb  in  1968.  Ehrlich  proposed  that  in  the  coming 
decades  of  the  1970s  and  1980s,  humanity  would  be  faced  with  mass  starvations  based  on 
environmental  stress  and  limited  food  supply.  Today,  the  threats  of  climate  change,  water 
scarcity,  lack  of  arable  land,  energy  crises,  and  seemingly  endless  human  population 
growth  continue  to  fuel  concern  that  a  “Malthusian  disaster”  is  looming  in  the  later  part  of 
the  21st  century. 

Malthus’s  original  theory  concerning  food  supply  and  human  population  observed 
that  population  tends  to  increase  exponentially  while  its  means  of  subsistence  tends  to  grow 
only  linearly  (Friedrichs  2014).  A  population  is  therefore  limited  by  the  amount  of  food  it 
is  able  to  obtain.  As  the  human  population  continues  to  grow  exponentially,  the  gap 
between  it  and  the  amount  of  food  needed  to  sustain  the  population  increases  such  that  the 
amount  of  food  intake  per  capita  decreases.  Since  social  inequality  is  a  characteristic  of 
human  populations,  and  the  food  supply  is  not  equally  distributed  over  the  whole 
population,  the  poorest  of  the  poor  usually  suffer  the  most  when  there  is  a  lack  of  food.  A 
redistribution  of  food  supplies  to  assist  the  needy  can  temporarily  ward  off  hunger  in  the 
poor  populations,  but  eventually  stress  on  human  populations  would  result  in  what  Malthus 
tenned  “vice  and  misery.”  In  other  words,  overpopulation  would  lead  to  food  shortages 
and  stress  the  growing  population,  resulting  in  sinful  behavior,  potential  famines,  war,  and 
pandemics,  typically  in  the  poorest  segments  of  a  population. 

In  the  pre-industrial  and  pre-global  human  society  under  which  Malthus  was  making 
his  observations,  Malthus’s  ideas  appear  to  be  supported.  Human  existence  may  be  similar 
to  that  of  other  animal  species  in  that  it  is  limited  by  the  resources  a  group  can  obtain.  In 
population  biology,  this  concept  is  known  as  the  carrying  capacity  of  a  species.  For 
example,  deer  populations  are  much  limited  by  the  amount  of  food  they  can  obtain  locally 
in  a  forest,  and  their  carrying  capacity  is  determined  by  that  amount  of  food.  Malthus, 
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however,  failed  to  consider  characteristics  of  humans  that  make  their  carrying  capacity 
more  fluid  and  dynamic  than  other  species.  First,  Malthus  did  not  take  into  account  the 
ability  of  humans  to  shape  their  environment  through  technological  change,  which  has 
allowed  humans  to  prosper  despite  exponential  population  growth,  develop  more  than 
linear  growth  in  food  production,  and  establish  a  global  society  where  food  and  wealth  can 
be  traded.  Second,  humans  have  the  ability  to  make  social  choices  that  can  alter  their 
carrying  capacity.  For  example,  humans  can  change  their  lifestyles,  such  as  by  switching 
to  a  vegetarian  diet,  which  can  reduce  the  amount  of  resources  needed  to  sustain  the  food 
supply  of  a  population  and  increase  a  population’s  carrying  capacity. 

Ultimately,  the  dynamic  nature  of  the  human  carrying  capacity  has  prevented  a 
Malthusian  disaster  to  this  point,  but  it  is  possible  that  the  fruits  of  modern  industrial 
society  may  be  under  strain  (Duncan  2007;  Ehrlich  and  Ehrlich  2013).  Many  neo- 
Malthusian  theories  have  sprouted  in  which  the  side  effects  of  our  modern  globalized 
society  are  contributing  to  an  eventual  collapse  of  food  resources.  For  example,  the  effects 
of  polluted  resources,  land  degradation,  and  decreasing  biodiversity  on  the  environment 
may  eventually  affect  human  food  production.  Climate  change  and  energy  scarcity  could 
similarly  contribute.  In  extreme  Malthusian  thought,  called  eco-scarcity  theory,  these 
environmental  pressures  in  combination  with  human  population  growth  and  unequal  access 
to  food  resources  can  lead  to  social  unrest  (Bellemare  2014).  Political  and  social  upheaval 
due  to  the  migrations  of  human  populations  is  possible,  and  it  has  been  postulated  that  in 
some  cases,  states  can  collapse  and  violent  conflict  result. 

B.  Food  Security 

The  concepts  of  food  security  and  insecurity  have  different  definitions  depending 
on  the  usage  and  intended  purpose.  In  the  civilian  world,  these  concepts  are  equated  with 
world  hunger,  and  by  this  definition  the  world  has  never  been  food  insecure  and  will 
continue  to  be  food  secure  for  the  future.  The  Food  and  Agricultural  Organization  (FAO) 
of  the  United  Nations  (UN)  has  been  collecting  world  agricultural  statistics  since  the  end 
of  World  War  II,  using  these  data  to  study  and  implement  policies  to  reduce  hunger 
according  to  specified  targets.  The  metric  to  describe  hunger  developed  by  the  FAO  is 
called  the  prevalence  of  undernourishment  (PoU),  which  is  the  fraction  of  a  population  that 
is  undernourished  according  to  a  per  capita  Minimum  Dietary  Energy  Requirement 
(MDER)  available  to  the  population.  The  FAO  has  also  developed  a  definition  of  food 
security  (FAO,  IFAD,  and  WFP  2015): 

A  situation  that  exist  when  all  people,  at  all  times,  have  physical,  social  and 
economic  access  to  sufficient,  safe  and  nutritious  food  that  meets  their 
dietary  needs  and  food  preferences  for  an  active  and  healthy  life.  Based  on 
this  definition,  four  food  security  dimensions  can  be  identified:  food 
availability,  economic  and  physical  access  to  food,  food  utilization  and 
stability  over  time. 
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A  population  that  achieved  food  security  would  therefore  have  a  PoU  of  zero. 


The  Department  of  Defense  (DOD)  does  not  have  a  formal  definition  of  food  security 
(GAO  2010),  but  it  does  have  an  interest  in  the  topic.  Food  security  for  the  DOD  can,  in 
addition  to  reflecting  the  UN  definition,  involve  food  safety.  Ensuring  safe  and  nutritious 
food  for  warfighters  is  an  important  thrust  for  DOD,  but  this  study  concerns  itself  with  the 
UN  definition  of  food  security  and  the  potential  challenges  that  it  might  present  to  DOD. 
The  DOD  recognizes  that  food  security  (the  UN  definition)  is  an  important  part  of 
maintaining  governmental  stability  and  legitimacy,  especially  in  commands  where  food 
security  is  low,  such  as  Southern  Command  (Bankus  and  Ramirez  2009)  and  Africa 
Command.1 

C.  Population  Growth  and  Food  Price  Spikes 

The  21st  century  has  seen  a  renewed  interest  in  current  and  future  global  food 
supply  and  food  security.  The  interest  has  been  mainly  fueled  by  the  rapid  economic  growth 
in  many  emerging  national  economies,  such  as  China,  India,  and  Brazil.  Correspondingly, 
these  same  nations  are  among  the  most  populated  on  the  planet,  and  many  researchers  have 
asked  whether  the  world’s  food  production  will  be  able  to  keep  up  with  the  increased 
demands  from  these  populations.  These  countries’  dramatic  economic  growth  and  their 
purported  graduation  to  a  “Western-style  diet”  of  greater  meat  consumption  and  per  capita 
caloric  intake  (Pica-Ciamarra  and  Otte  2009)  have  further  encouraged  the  perception  that 
the  world  food  supply  will  not  be  able  to  keep  up  with  demand  in  the  future.  Also,  there  is 
a  perception  that  the  prices  of  agricultural  commodities  are  subject  to  increased  volatility, 
and  these  spiking  food  prices  may  be  the  cause  of  further  food  crises  in  impoverished  areas 
of  the  world.  In  particular,  prices  spiked  dramatically  in  2008;  the  underlying  causes  and 
potential  future  trends  of  agricultural  prices  are  still  debated  (Alexandratos  2008;  Gilbert 
and  Morgan  2010).  Rising  petroleum  prices,  as  well  as  supply  and  demand  “shocks,”  are 
attributed  to  the  2008  crisis.  Shocks  are  defined  as  unforeseen  or  infrequent  events  that 
affect  the  global  food  market,  such  as  weather-induced  crop  failures  or  increasing  food 
demands  of  the  emerging  economies  described  above.  Severe  shocks  can  become 
widespread  and  affect  global  prices  such  that  nations  that  depend  on  food  imports  can 
become  severely  hampered.  The  potential  effects  of  climate  change  and  other 
environmental  factors  such  as  sustainability  will  have  a  complex  effect  on  the  world  food 
supply.  The  uncertainties  of  the  contributions  of  the  above  factors  to  the  global  food  market 
and  its  ability  to  feed  a  growing  world  population  have  alarmed  decision-makers  and  have 
renewed  an  interest  in  global  food  security. 


www.africom.mil/NewsByCategory/transcript/8881/transcript-general-ham-speaks-at-ndu-food- 
security,  last  accessed  12  April  2016. 
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Food  prices  are  increasingly  dependent  on  a  global  food  trade  market  rather  than 
local  effects.  Globalization  of  the  food  trade  has  led  to  the  idea  of  a  Global  Food  System 
(GFS),  where  the  global  food  trade  can  be  represented  as  a  network  that  is  mapped  based 
on  FAO  agricultural  trade  data.  To  understand  the  effects  of  shocks  on  the  GFS,  researchers 
are  undertaking  studies  to  map  the  GFS  and  perform  network  analyses  to  perturb  the 
network  and  predict  the  effect  on  food  production,  trade,  and  prices  (Ercsey-Ravasz  et  al. 
2012).  Researchers  have  now  taken  the  GFS  and  subjected  it  to  extinction  modeling  (Foti, 
Pauls,  and  Rockmore  2013),  where  a  major  node  in  a  network,  such  as  the  United  States, 
is  removed  for  a  given  trade  network,  such  as  the  global  maize  trade,  and  the  network  is 
then  modeled  to  see  how  it  adjusts  (Puma  et  al.  2015).  Extinction  of  a  major  node  has 
effects  all  the  way  down  to  the  receivers  of  food  imports  and  aid,  which  are  the  food- 
insecure  nations  of  the  world.  Other  studies  also  indicate  that  the  GFS  and  food  prices  are 
increasingly  sensitive  to  food  shocks  (Suweis  et  al.  2015),  and  even  the  most  food-secure 
nations  are  becoming  increasingly  dependent  on  trade  in  the  maintenance  of  their  food 
supply  (Porkka  et  al.  2013).  In  the  past,  food-secure  countries  such  as  the  United  States 
and  those  in  Europe  were  self-sufficient  by  producing  enough  food  for  their  own 
populations  and  exporting  surpluses.  Today,  these  same  countries  are  spurning  self- 
sufficiency  and  choosing  to  participate  more  in  agricultural  trade,  which  can  open  these 
nations  up  to  the  effects  of  food  shocks  and  make  them  less  food  secure. 

Figure  1-1  shows  current  thinking  about  how  shocks  and  market  forces  of  the  GFS 
can  combine  to  result  in  food  price  spikes  and  even  a  “food  crisis”  (Tadesse  et  al.  2014). 
An  exogenous  shock  might  occur  to  the  GFS  that,  depending  on  the  current  world  market 
and  political  conditions,  could  lead  to  a  change  in  food  prices.  Individual  nations  then 
respond  to  protect  their  domestic  food  markets  with  their  own  individual  policies,  such  as 
restrictions  on  food  exports  and  imports  (Andersen  and  Nelgen  2012).  These  “endogenous 
shocks”  can  then  amplify  the  initial  exogenous  shock  until  it  results  in  a  severe  shock  to 
the  GFS  where  prices  and  food  availability  increase  and  decrease,  respectively,  to  the  point 
that  large  populations  are  severely  affected,  resulting  in  a  food  crisis. 

Researchers  are  now  working  with  real-world  data  to  validate  the  ideas  of  the  above 
model  by  tracing  the  effects  of  a  past  food  supply  shock  on  the  GFS  (Gbegbelegbe  et  al. 
2014;  Chung  et  al.  2014).  For  example,  in  2012  a  severe  heat  wave  resulted  in  the  U.S. 
maize  yield  decreasing  by  29%.  The  worldwide  yields  of  maize  from  that  year  were  also 
reduced  by  6%.  The  United  States  had  less  surplus  maize  for  export,  and  other  maize 
producers,  such  as  China,  could  not  increase  production  in  a  timely  manner  to  make  up  for 
a  global  reduction  in  maize  supplies.  (Note  that  the  growing  season  for  maize  is  the  same 
for  the  United  States  and  for  the  major  maize  producers  in  the  Northern  Hemisphere.)  The 
analysis  indicated  that  the  Least  Developed  Countries  (LDCs)  of  the  world,  which  depend 
on  the  global  food  trade  for  their  food  supply,  had  a  reduction  of  maize  consumption 
between  5%  and  10%  for  2012.  From  this  study  it  could  be  gleaned  that  localized  food 
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shocks  could  indeed  have  global  effects,  particularly  on  the  LDCs,  and  that  the  GFS  is  not 
agile  in  response  to  these  shocks. 


Figure  1-1.  Shocks,  Reactions,  and  Food  Price  Spikes.  Adapted  from  Tadesse  et  al.  (2014). 


D.  DARPA’s  Question  to  IDA 

The  Defense  Advanced  Research  Projects  Agency  (DARPA)  asked  IDA  to  review 
the  literature  for  food  security  and  agricultural  statistics  to  make  an  assessment  of  state  of 
global  food  security  to  the  year  2050.  A  number  of  organizations,  including  the  FAO 
(Alexandratos  and  Bruinsma  2012;  FAO  2012),  the  United  States  Department  of 
Agriculture  (USDA)  (Rosen  et  al.  2014),  and  others  (World  Resource  Institute  2013),  have 
performed  analyses  projecting  the  state  of  food  security  into  the  future.  DARPA  was 
interested  in  a  technical  assessment  of  the  work  and  the  conclusions  of  these  studies,  as 
well  as  other  work  in  the  literature,  to  assess  the  accuracy  and  realism  of  the  conclusions 
and  implications  for  future  food  security.  If  the  IDA  assessment  found  that  there  was 
sufficient  evidence  that  world  food  security  would  be  significantly  compromised  in  the 
future,  IDA  would  suggest  appropriate  research  to  close  any  technical  gaps.  DARPA  also 
asked  IDA  to  investigate  food  shocks  and  their  effects  on  the  GFS.  Can  food  shocks  upset 
the  GFS  to  lead  to  a  food  crisis?  Are  the  emerging  economies  of  India  and  China  vulnerable 
to  food  shocks? 

This  assessment  compiles  and  analyzes  data  and  studies  that  attempt  to  project  current 
trends  in  agricultural  production  and  consumption.  It  does  not  include  the  potential  effects 
of  difficult-to-predict  factors  such  as  climate  change,  changes  from  the  turbulent  energy 
sector,  conflict,  or  major  catastrophes.  Global  risk  assessments  of  such  shocks  are  in  the 
literature  (Lloyd’s  2015)  but  are  not  considered  in  this  analysis.  For  this  analysis,  IDA 


1-5 


reviewed  the  appropriate  literature  and  studies  and  used  agricultural  production  and 
consumption  data  gathered  by  FAO  into  the  F  AO  ST  AT  database2  to  assess  future  food 
security.  Literature  studies  were  compared  to  determine  if  a  consensus  projection  of  future 
food  security  could  be  developed. 


2 

“  http://faostat3.fao. org/home/E,  last  accessed  12  April  2016. 
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2.  Assessment  of  Global  Food  Security 


A.  UN  FAO  Assessment  of  Global  Food  Security 

1.  Food  Insecurity  Monitoring  by  the  FAO 

The  UN  has  led  several  multinational  initiatives  with  the  goal  of  lessening  or 
eradicating  hunger  in  all  countries.  The  World  Food  Summit  in  1996  and  the  Millennium 
Development  Goals  have  set  goals  to  eradicate  or  halve,  respectively,  the  number  of 
undernourished  people  in  the  world  by  20 15. 3  The  FAO  monitors  progress  toward  these 
goals  by  analyzing  food  security  data,  which  it  collects,  and  publishes  a  yearly  report  (FAO, 
IFAD,  and  WFP  2015).  Similarly,  to  guide  agricultural  policy  decisions,  the  UN  and  FAO 
also  publish  projections  of  agricultural  production,  consumption,  and  undernourishment 
into  the  future.  The  latest  projection,  which  was  updated  in  2012,  estimates  these  quantities 
to  the  year  2050  (Alexandratos  and  Bruinsma  2012).  Data  from  these  analyses,  as  well  as 
agricultural  and  human  population  projections  from  FAOSTAT,  are  used  in  the  following 
analysis.  Studies  by  the  USD  A  and  others  in  the  literature  base  themselves  on  the  FAO’s 
data  and  general  methodology  of  detennining  agricultural  production  and  consumption.  As 
will  be  seen  in  the  following  sections,  however,  the  FAO  methodology  has  drawn  criticism 
from  the  food  security  community. 

2.  FAO  Metrics  for  Global  Food  Security 

The  main  metric  that  FAO  employs  to  measure  food  security  of  a  population  is  the 
prevalence  of  undernourishment  (PoU),  which  is  the  probability  that  a  random  individual 
of  a  population  consumes  fewer  calories  than  what  is  required  for  an  “active  and  healthy 
life.”  The  methodology  that  FAO  employs  to  calculate  PoU  for  a  population  is  described 
in  detail  in  Annex  2  of  the  FAO  report  The  State  of  Food  Insecurity  in  the  World  2015 
(FAO,  IFAD,  and  WFP  2015).  Briefly,  the  PoU  depends  on  three  quantities:  the  Dietary 
Energy  Consumption,  the  Minimum  Dietary  Energy  Requirement  (MDER),  and  the 
coefficient  of  variation.  If  the  Dietary  Energy  Consumption  for  a  population  is  less  than 
the  MDER,  the  population  is  considered  undernourished. 

The  Dietary  Energy  Consumption  is  loosely  equated  with  the  amount  of  dietary 
calories  that  are  available  to  an  individual  in  a  population.  There  is  currently  no  feasible 
way  of  surveying  large  populations  about  their  caloric  intake,  so  FAO  calculates  a  proxy 


www.fao.org/wfs/index_en.htm,  last  accessed  13  April  2016;  www.un.org/millennmmgoals/,  last 
accessed  13  April  2016. 
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metric  to  estimate  the  caloric  intake  of  the  population.  Countries  report  data  on  agricultural 
production  and  trade  of  agricultural  commodities  to  the  UN.  From  these  data,  Food  Balance 
Sheets  (FBS)  are  calculated.  FBS  for  a  country  takes  into  account  agricultural  production, 
trade,  and  non-food  (e.g.,  animal  feed)  uses  to  calculate  a  per  capita  of  caloric  intake: 

FBS  =  (Production  +  Trade)  -  (Food  Waste  +  Non-food  Uses) 

The  above  equation  estimates  the  food  available  to  a  population  and  is  the  proxy  metric 
FAO  uses  for  caloric  intake  of  the  population. 

FAO  recognizes  that  individuals  of  a  population  do  not  all  receive  equal  access  to  food 
and  uses  the  coefficient  of  variation  parameter  to  estimate  this  imbalance.  The  coefficient 
of  variation  for  a  population  is  estimated  from  available  individual  household  surveys  that 
provide  information  on  individual  consumption  patterns. 

The  required  caloric  intake  for  a  population  (MDER)  is  the  caloric  requirements  of  a 
population  with  an  assumed  physical  activity  level.  Physical  activity  level  is  detennined  to 
be  a  function  of  the  basic  metabolic  rate  of  an  individual  added  to  the  requirements  of  a 
certain  level  of  physical  activity.  The  basic  metabolic  rate  of  an  adult  at  rest,  such  as  an 
office  worker,  is  1300-1700  kcal/day.  The  physical  activity  level  and  basic  metabolic  rate 
depend  on  the  demographics  (age,  sex,  body  weight  of  population)  and  physical  activity  of 
a  particular  region.  For  example,  developing  countries  tend  to  have  a  younger  population 
than  the  developed  world,  and  therefore  MDER  can  be  lower  than  the  developed  world.  It 
can  be  argued,  however,  that  physical  activity  is  higher  in  the  developing  world  than  the 
developed  world,  which  would  contribute  to  a  higher  MDER  in  the  developing  world. 
Examples  of  F AO’s  calculations  of  MDER  are  given  in  Table  2-1. 

The  FAO  PoU  has  been  criticized  for  not  adequately  reflecting  the  state  of  food 
security  (de  Haen,  Klasen,  and  Qaim  2011).  Many  assumptions  are  made  in  the  calculation 
of  the  metric,  such  as  the  amount  of  physical  activity  of  the  population  and  whether  the 
data  used  to  calculate  the  coefficient  of  variation  adequately  reflect  the  distribution  of  food 
in  a  population.  FAO  recognizes  these  shortcomings  and  has  been  attempting  to  improve 
these  assumptions  through  household  surveys.  Other  groups  have  developed  their  own 
metrics  for  measuring  food  insecurity,  and  these  metrics  are  tuned  for  a  specific  application 
such  as  calculating  food  insecurity  on  a  more  local  level  or  emphasizing  food  access,  rather 
than  the  food  availability  like  the  PoU.  There  are  very  few  food  security  metrics  that  are 
simultaneously  global,  local,  real  time,  and  predictive  in  both  the  short  and  long  tenn.  The 
PoU  has  recognized  flaws,  but  it  is  an  adequate  metric  for  measuring  food  security  on  a 
global  and  long-term  scale  (Jones  et  al.  2013)  that  needs  perhaps  further  development  to 
give  a  clearer  picture  of  global  food  security. 
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Table  2-1.  Examples  of  MDER  of  Developed  and  Developing  Countries 


Country 

MDER 

(kcal/person/day) 

USA 

1980 

UK 

1940 

Developed 

Russia 

1950 

Japan 

1890 

Guatemala 

1690 

Niaer 

1700 

Undeveloped 

Cuba 

1910 

Vietnam 

1820 

Source:  Data  taken  from  FAOSTAT. 

MDER  =  Minimum  Dietary  Energy  Requirement. 


FAO  produces  projections  of  food  availability  and  agricultural  production  by  using 
current  and  past  trends  of  production  and  availability,  UN  projections  of  population 
growth,  and  gross  domestic  product  (GDP)  projections  from  the  World  Bank.  For  food 
availability,  FAO  uses  population  and  GDP  projections  to  calculate  demand  using  Engel 
demand  functions,  which  is  a  common  method  to  describe  how  household  good 
expenditures  depend  on  income  (Chai  and  Moneta  2010).  The  resulting  analysis  is  then 
reviewed  by  experts  of  a  particular  country  or  region  for  reasonableness.  Projections  of 
agricultural  production  involve  analysis  of  past  trends  of  crop  production  and  livestock 
production,  as  well  as  expert  interpretation.  Finally,  projections  of  future  land  use  and  yield 
levels  are  based  on  UN  studies  of  rain-fed  and  irrigated  land  yields  such  as  the  Global 
Agro-Ecological  Zone  study  (Fischer,  Byerlee,  and  Edmeades  2011). 

What  should  be  emphasized  is  that  the  FAO’s  projections  are  based  on  available  data 
that  may  or  may  not  be  complete  or  accurate.  FAO  pieced  together  data  from  several  studies 
and  databases;  the  injection  of  expert  judgement  into  the  process  may  introduce  more 
subjectivity  and  assumptions.  The  authors  claim  that  this  complexity  in  their  method  makes 
their  analysis  labor  intensive  and  prevents  them  from  running  their  projections  with 
alternative  sets  of  assumptions,  variables,  and  future  scenarios.  They  therefore  present  their 
projections  as  a  single  “most  positive”  scenario  that  does  not  take  into  account  more 
complex  future  scenarios  involving  climate  change,  disasters,  or  crop  uses  for  biofuels. 

3.  Global  Food  Availability  and  PoU  in  2015  and  2050 

Figure  2-1  and  Figure  2-2  show  FAO  calculations  of  food  availability  to  the  world 
and  to  various  subsections  of  the  world.  What  is  immediately  apparent  in  Figure  2-1  is  that 
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food  availability  in  the  developed  world4  has  remained  relatively  flat  throughout  the  period. 
Currently,  each  person  has  approximately  3,400  kcal/person/day  available  in  2015,  which 
is  about  1,500  kcal  above  the  MDER  for  the  developed  world.  Food  availability  to  the 
developing  world  is  much  less  than  that  of  the  developed  and  tracks  with  the  trends  for  the 
entire  world.  On  average,  the  developing  world  has  about  2,700  kcal/person/day.  Food 
availability  has  generally  improved  for  the  developing  world  since  1969,  and  the 
improvement  has  been  dominated  by  emerging  nations  like  China,  Brazil,  and  Mexico 
(3,108,  3,263,  and  3,072  kcal/person/day  in  2013,  respectively).  FAO  projects  that  progress 
should  continue  for  the  developing  world  and  average  greater  than  3,000  kcal/person/day 
by  2050  (Figure  2-1). 


World 


-Developed  Countries 
-Developing  Countries 


Figure  2-1.  Food  Availability  in  the  Developed  and  Developing  World.  Data  from 
Alexandratos  and  Bruinsma  (2012)  and  FAOSTAT. 


Figure  2-2  shows  that  Latin  America,  East  Asia,  and  North  Africa  have  made  the  most 
progress  in  food  availability  in  the  developing  world,  while  Sub-Saharan  Africa  and  South 
Asia  lag.  South  Asia  is  dominated  by  the  population  of  India,  which  continues  to  lag  other 
emerging  nations,  with  only  2,459  kcal/person/day  available  to  its  citizens.  India’s  lack  of 
progress  is  a  surprising  case,  considering  its  status  as  an  emerging  world  power. 


4  The  developed  world  consists  of  the  European  Union,  Australia,  Canada,  Israel,  Japan,  New  Zealand, 
Russian  Federation,  South  Africa,  and  the  United  States. 
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Excluding  South  Asia 
Sub-Sahran  Africa 
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Figure  2-2.  Food  Availability  in  Different  Regions  of  the  Developing  World.  Data  from 
Alexandratos  and  Bruinsma  (2012)  and  FAOSTAT. 

4.  Prevalence  of  Undernourishment 

Despite  making  the  World  Food  Summit  goals  and  Millennium  Development  Goals 
in  2015  (green  line  in  Figure  2-3),  the  world  still  has  areas  where  almost  25%  of  the 
population  is  undernourished,  such  as  Sub-Saharan  Africa,  and  worldwide  780  million  are 
undernourished  (12.9%  of  the  population). 


Figure  2-3.  Prevalence  of  Undernourishment  Data  Trends  to  2016.  Taken  from  FAO,  IFAD, 

and  WFP  (2015). 


By  2050  the  FAO  projects  that  the  PoU  will  continue  to  plummet  despite  increases  in 
world  population.  Worldwide,  320  million  will  remain  undernourished  in  a  projected 
population  of  9.7  billion  (Figure  2-4).  Sub-Saharan  Africa  and  South  Asia  will  continue  to 
lag  the  world  in  PoU  to  2050.  For  example,  India,  despite  its  economic  status  as  an 
emerging  nation,  remains  strangely  “undeveloped”  by  this  metric.  India’s  food  security 
will  be  discussed  at  length  in  Chapter  5. 
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Figure  2-4.  Top:  Projected  Number  of  Undernourished  in  2030  and  2050.  Bottom:  Projected 
Percentages  of  Undernourished  in  2030  and  2050.  Adapted  from  FAO  (2012). 


FAO  gives  two  major  reasons  why  the  PoU  is  expected  to  continue  to  fall  by  2050. 
First,  the  GDP  of  many  developing  world  nations  is  expected  to  improve  such  that  they  are 
able  to  acquire  more  agricultural  products  on  the  market.  Currently,  the  GDP  of  the 
developed  world  is  12  times  that  of  the  undeveloped.  By  2050  the  difference  is  expected 
to  be  only  6  times.  However,  many  developing  nations  (45  of  98  in  the  projection)  are 
expected  to  have  GDPs  of  less  than  $3,000  per  capita  in  2050.  So,  some  LDCs  are  expected 
to  continue  to  lag  in  food  security  by  2050.  Second,  the  rate  of  increase  in  global 
population,  which  had  been  growing  as  at  2%  rate  per  annum  during  the  20th  century,  is 
expected  to  flatten  by  mid-21st  century  (Figure  2-5).  Population  growth  rate  by  2010  was 
1 .4%  per  annum,  and  FAO  estimates  that  the  growth  rate  will  be  down  to  0.4%  in  the  2040- 
2050  decade.  The  downturn  in  global  population  growth,  combined  with  the  fact  that  many 
emerging  nations  have  already  improved  their  food  security  metrics,  will  lead  to  the 
decreased  demand  for  agricultural  products  by  2050. 
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Figure  2-5.  UN  Population  Data  and  Projections.  Data  plotted  from  FAOSTAT 


The  UN  assumes  three  fertility  variants  in  its  population  projections — high,  medium, 
and  low  (UN,  Department  of  Economic  and  Social  Affairs,  Population  Division  2015). 
Medium  assumes  most  households  converge  to  1.85  children  per  woman;  the  low  and  high 
variants  assume  0.5  children  below  and  above  that  value,  respectively.  Plotting  the  different 
variants  gives  vastly  different  projections  of  future  population  (Figure  2-6).  In  the  high 
variant,  the  population  growth  rate  continues  as  it  was  in  the  20th  century;  in  the  low 
variant,  population  actually  decreases  by  the  end  of  the  21st  century.  High-  and  low-variant 
projections  vary  by  20%  in  2050  (8.7-10.8  billion).  Also,  as  Table  2-2  shows,  subsequent 
revisions  to  UN  population  projections  are  trending  upward.  The  FAO  uses  the  medium- 
fertility  variant  in  its  food  security  projections  (Figure  2-6,  blue  trace).  The  UN  medium- 
variant  population  projection  is  a  likely  future  for  the  world  population,  but  if  fertility  rates 
end  up  higher  in  the  future  (high  variant),  or  if  future  population  projections  continue  to 
trend  upward,  the  FAO’s  assertion  the  PoU  will  continue  to  decrease  in  the  future  will  be 
less  likely. 
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Figure  2-6.  World  Population  Projections  with  Three  Different  Fertility  Variants. 
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Table  2-2.  Revisions  of  UN  Population  Projections 


Revision 

2050 

2100 

2015  Medium  Variant 

9.7  billion 

11.2  billion 

2010  Medium  Variant 

9.3  billion 

10.12  billion 

2008  Medium  Variant 

9.15  billion 

9.2  billion 

5.  Shifting  Diet  Structure 

FAO  also  performed  an  analysis  to  project  the  source  of  calories  for  populations  now 
and  in  the  future  for  the  developed  (Figure  2-7)  and  the  developing  (Figure  2-8)  world. 
What  is  immediately  apparent  is  that  cereals  (wheat,  com,  etc.)  make  up  the  vast  majority 
of  the  diets  of  both  the  developed  and  the  developing  world.  Cereals  currently  constitute 
53%  of  the  developing  world  diet,  but  that  is  expected  to  fall  slowly  to  47%  by  2050. 

The  main  difference  between  the  caloric  source  in  the  developed  and  developing 
world  is  the  high  proportion  of  meat  in  the  diet  of  the  developed  world  (Figure  2-7).  The 
developed  world  consumes  80  kg/person/year  of  meat,  while  the  developing  world 
consumes  only  30  kg/person/year.  The  FAO  projects  that  the  amount  of  meat  that  the 
developing  world  will  consume  will  increase  to  greater  than  40  kg/person/year  in  2050. 
Some  see  these  trends  indicating  that  the  developing  world  will  “graduate”  to  a  more 
Western  diet  and  that  the  developing  world  is  undergoing  a  “Livestock  Revolution”  (Pica- 
Ciamarra  and  Otte  2009).  These  trends  in  meat  consumption  along  with  the  projected 
increase  in  human  population  in  the  21st  century  have  led  some  to  question  whether  the 
world  can  sustain  this  level  of  meat  consumption  predicted  to  occur  in  the  developing  world 
(Wright  et  al.  2012). 


Figure  2-7.  Distribution  of  Calories  in  the  Developed  World.  Data  taken  from  Alexandratos 

and  Bruinsma  (2012)  and  FAOSTAT. 
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Figure  2-8.  Distribution  of  Calories  in  the  Developing  World.  Meat  consumption  (orange 
trace)  is  expected  to  increase  for  the  developing  World.  Data  taken  from  Alexandratos  and 

Bruinsma  (2012)  and  FAOSTAT. 


FAO  dissected  its  projections  of  meat  consumption  and  found  that  the  trend  of 
increased  meat  consumption  may  not  be  as  pronounced  as  first  thought.  Figure  2-9  shows 
the  meat  consumption  projections  for  the  developing  world  as  a  whole  (red  trace)  and  the 
developing  world  (minus  China  and  Brazil).  As  can  be  seen,  much  of  the  increase  in  meat 
consumption  in  the  developing  world  can  be  traced  to  those  two  countries.  In  the  FAO’s 
view,  China  and  Brazil  have  already  graduated  to  a  mostly  developed  world  level  of  food 
availability,  and  FAO  therefore  concludes  that  the  livestock  revolution  may  have  already 
occurred  in  these  countries.  On  the  other  hand,  India  has  had  very  little  increase  in  demand 
for  meat,  which  may  be  due  to  religious  or  cultural  factors.  The  livestock  revolution  has  so 
far  not  occurred  in  India  and  may  not  at  all.  For  these  reasons,  it  may  be  simplistic  to 
assume  that  the  rest  of  the  developing  world  may  adopt  a  Western  diet. 


Figure  2-9.  Meat  Consumption  Projections  for  the  Developed  and  Developing  World.  Data 
taken  from  Alexandratos  and  Bruinsma  (2012)  and  FAOSTAT. 
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6.  Room  for  Agricultural  Expansion 

FAO  then  asked  how  the  world  would  support  the  increased  demand  for  agricultural 
products.  Agricultural  production  can  grow  by  increasing  arable  land  for  additional  crops 
or  livestock,  increasing  cropping  intensity,  or  increasing  yield.  FAO  assembled  data  of 
arable  land  in  the  world  and  area  harvested  in  the  world,  and  calculated  crop  yields  for 
certain  commodities.  The  FAO  projects  that  expansion  of  agriculture  by  using  more  arable 
land  for  agriculture  is  possible  in  certain  areas  of  the  world  such  as  Africa  and  in  Latin 
America,  but  it  is  difficult  or  impossible  in  some  areas  like  East  Asia  (China)  and  the  Near 
East/North  Africa  (Table  2-3).  In  most  cases,  production  increases  in  China  will  need  to 
come  from  yield  increases  equivalent  to  yield  increases  that  have  occurred  over  the  past  45 
years  (1961-2007).  South  and  East  Asia  would  need  to  increase  yields  by  92%  and  85%, 
respectively.  This  may  be  a  difficult  task  for  certain  areas  of  the  world  (see  Chapter  4  for 
more  detail).  For  example,  China  has  already  increased  yields  and  cropping  intensities  to 
what  is  considered  technological  and  resource  limits,  and  it  is  not  clear  how  it  could 
increase  yields  without  major  technological  advancement. 


Table  2-3.  Sources  of  Growth  in  Crop  Production.  Adapted  from  Table  4.4  in  Alexandratos 

and  Bruinsma  (2012). 


Arable  Land 
expansion  (%) 

Increased 
Cropping 
Intensity  (%) 

Yield  Increases  (%) 

Area  of  World 

1961- 

2007 

2007- 

2050 

1961- 

2007 

2007- 

2050 

1961- 

2007 

2007- 

2050 

All  Developing 

Countries 

23 

21 

8 

6 

70 

73 

World 

14 

10 

9 

10 

77 

80 

Sub-Saharan  Africa 

31 

20 

31 

6 

38 

40 

Near  East/N.  Africa 

17 

0 

22 

20 

62 

80 

Latin 

America/Caribbean 

40 

40 

7 

7 

53 

53 

South  Asia 

6 

6 

12 

12 

82 

92 

East  Asia 

28 

0 

-6 

15 

77 

85 

7.  IDA  Assessment  of  the  FAO  Study 

We  emphasize  that  the  authors  state  that  these  estimates  for  increases  in  arable  land, 
cropping  intensity,  and  yield  are  based  on  incomplete  and  unreliable  data  and  should  be 
used  as  rough  guides  to  potential  increased  agricultural  production.  If  that  is  the  case,  we 
be  should  wary  of  the  authors’  claims  that  “it  seems  that  at  the  global  level  there  should  be 
no  major  constraints  to  increasing  agricultural  production  by  the  amounts  required  to 
satisfy  additional  demand  generated  by  population  and  income  growth  to  2050”  (FAO 
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2012).  The  authors  are  satisfied,  despite  suspicions  of  the  data  quality,  that  there  is 
sufficient  unused  arable  land  and  potential  of  agricultural  expansion  through  yield 
increases  and  cropping  intensity  on  a  global  scale  to  overcome  any  shortcomings  on  the 
local  scale.  They  acknowledge  that  there  will  be  food  insecurity  locally  in  2050.  For 
example,  the  GDP  in  some  areas  of  sub-Saharan  Africa  will  not  permit  food  security  in 
2050,  and  there  may  be  little  area  for  expansion  of  agricultural  production  on  the  local  scale 
in  some  areas  of  Asia. 

It  is  unclear  to  IDA  if  the  combination  of  solely  using  this  “positive”  future  scenario 
and  the  many  assumptions  and  subjective  inferences,  along  with  dubious  data  that  have 
gone  into  the  FAO  analysis,  have  conclusively  shown  that  the  world  will  be  reasonably 
food  secure  by  2050.  That  being  said,  there  are  no  indications  from  this  FAO  study  that  the 
world  is  heading  for  a  Malthusian  agricultural  disaster  by  2050.  The  study  has  reasonable 
data  to  indicate  that  there  is  room  for  agricultural  expansion  in  the  future.  The  extent  to 
which  the  world  will  have  to  expand  agricultural  production  depends  on  how  the  world’s 
population  expands  and  whether  developing  countries  mature  economically  and  increase 
their  GDP.  It  may  be  impossible  at  this  time  to  gather  more  accurate  data  to  definitively 
answer  the  question  of  how  food  secure  the  world  will  be  in  2050. 

B.  USD  A  Economic  Research  Service  Assessment 

1.  Methodology 

The  USD  A  assessment  attempts  to  forecast  the  food  security  for  76  low-  and  middle- 
income  countries  concentrated  in  Sub-Saharan  Africa,  Latin  America  and  the  Caribbean, 
North  Africa,  and  Asia  between  2014  and  2024  (Rosen  et  al.  2014).  The  76  countries  were 
chosen  since  they  had  been  identified  by  the  World  Bank  as  receiving  food  aid  in  the  recent 
past  or  have  had  issues  with  food  insecurity. 

The  USD  A  assessment  calculates  two  measures  of  food  insecurity — a  nutrition  gap 
and  a  distribution  gap.  The  nutrition  gap  measures  the  security  of  the  country  as  a  whole  in 
a  manner  similar  to  the  FAO’s  PoU  indicator,  while  the  distribution  gap  measures  the  lack 
of  distribution  of  the  food  resources  of  a  country.  A  nutrition  gap  exists  in  a  country  when 
the  food  consumption  is  less  than  a  daily  intake  standard  of  2,100  calories  per  capita  per 
day  (depending  on  the  energy  requirements  of  a  particular  country).  Food  consumption  is 
calculated  similarly  to  the  FAO  PoU  metric  in  that  it  is  domestic  food  supply  minus  non¬ 
food  uses.  The  USDA  daily  intake  standard  is  based  on  the  FAO’s  survey  and  calculation 
of  MDER,  which  makes  the  USDA  nutrition  gap  generally  similar  to  the  FAO’s  PoU.  The 
USDA  distribution  gap  is  based  on  the  calculation  of  a  nutrition  gap  in  deciles  of  the 
economic  income  groups  of  a  population.  When  less  than  10%  of  the  poorest  decile  of  a 
population  is  food  insecure,  USDA  considers  the  country  food  secure.  The  USDA  model 
uses  FAO  food  production,  consumption,  yields,  and  land-use  data  from  FAOSTAT.  The 
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difference  between  the  FAO  and  USD  A  models  appear  to  be  how  they  treat  and  apply 
various  economic  indicators.  Also,  the  USDA  model  emphasizes  food  distribution  gaps 
and  reports  the  number  of  food-insecure  nations  to  the  year  2024;  FAO  tries  to  project  to 
2050. 

2.  USDA  Food  Security  Assessment 

The  USDA  projects  that  598  million  people  will  be  food  insecure  in  the  assessed 
countries  in  2024,  which  is  larger  than  that  calculated  for  2014  (490  million).  Twelve 
countries  will  suffer  from  nutrition  gaps  in  2024,  but  40  will  see  a  distribution  gap.  Like 
the  FAO  projection,  the  majority  of  food-insecure  countries  are  located  in  sub-Saharan 
Africa,  whereas  Asian,  Latin  American,  and  Caribbean  nations  are  seeing  improved 
security  in  2024.  India,  despite  being  secure  by  the  nutrition  gap  measure,  will  be  food 
insecure  by  the  nutrition  gap  indicator  in  2024,  in  agreement  with  FAO’s  assessment  of 
India’s  food  security. 

C.  World  Resource  Institute  Assessment 

The  WRI  assessment  assumes  the  food-insecure  nations  in  the  FAO  projections  adopt 
a  Western-style  diet  and  achieve  consumption  of  3,000  kcaFperson/day  in  2050.  WRI  then 
calculates  that  there  will  be  a  food  gap  by  2050,  such  that  the  world  will  need  to  increase 
production  by  65%.  It  then  asks  what  sustainable  solutions  could  be  implemented  to  close 
the  gap  and  comes  up  with  four  solutions: 

1 .  Reduce  obesity  in  the  developed  world. 

2.  Reduce  food  loss  and  waste. 

3.  Reduce  excessive  consumption  of  animal  products. 

4.  Control  human  population  by  achieving  replacement-level  fertility. 

The  WRI  assessment  is  skeptical  of  the  FAO’s  conclusions  that  future  increases  of 
production  will  occur  through  yield  increases  and  increased  cropping  intensities.  WRI 
assumes  that  agricultural  production  would  need  to  expand  by  2050  by  the  same  amount  it 
expanded  in  the  past  44  years.  In  the  past,  agricultural  expansion  was  fueled  by  the  “Green 
Revolution,”  where  chemical  fertilizers,  irrigation  methods,  and  the  scientific  breeding  of 
seeds  stirred  increases  in  agricultural  production  (Khush  2001).  WRI  does  not  see  this 
occurring  without  a  new  infusion  of  agricultural  technologies. 

D.  Comparison  of  Assessments 

Taking  different  approaches  and  emphasizing  different  outcomes,  the  three  studies 
summarized  in  this  report  attempt  to  project  agricultural  production  and  consumption, 
along  with  economic  and  population  growth,  to  describe  the  state  of  future  global  food 
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security.  The  FAO  assessment  takes  an  optimistic  approach  to  projecting  these  future 
trends.  The  main  indicator  of  the  FAO  assessment,  PoU,  appears  to  be  the  leading  indicator 
of  global  food  security,  but  it  is  not  without  criticism.  Researchers  have  purported  that  it  is 
too  simplistic  a  measure,  in  that  it  does  not  take  an  all-encompassing  or  a  multidimensional 
approach  to  food  security  (Jones  et  al.  2013).  The  PoU  has  also  been  accused  of  not  being 
able  to  describe  local  or  real-time  issues  of  food  security.  The  USDA  assessment  takes  an 
approach  similar  to  that  of  the  FAO  in  measuring  nutrition  gaps,  but  also  tries  to  emphasize 
food  distribution  gaps  among  income  classes  of  the  countries  that  are  studied.  By 
emphasizing  a  food  distribution  metric,  the  USDA  assessment  is  less  positive  than  the  FAO 
assessment  of  future  food  security.  Finally,  the  WRI  assessment  uses  an  even  less  positive 
scenario  of  future  agricultural  demand  trends  by  assuming  that  developing  countries 
achieve  a  developed  world  diet.  It  updates  the  FAO  analysis  to  emphasize  that  in  2050 
there  will  be  an  agricultural  production  gap  of  65%-70%  that  will  need  to  be  fdled  to  feed 
a  world  population  of  2050  and  proposes  ways  to  do  this  sustainably. 

Studies  that  take  the  food  production  trends  in  the  FAO  assessment  and  calculate 
future  food  gap  have  been  accused  of  misinterpreting  the  FAO  analysis  (Tomlinson  2013). 
FAO  estimates  future  production,  along  with  likely  resource  allocation  and  methodologies 
to  achieve  the  production  based  on  socioeconomic  trends.  It  represents  a  likely  future,  not 
a  policy  agenda  to  meet  a  food  gap  to  feed  the  future  world  population  by  2050.  The  FAO 
assessment  admits  that  it  does  not  consider  alternative  scenarios,  such  as  taking  an 
approach  of  sustainability  in  the  use  of  agricultural  resources.  For  example,  the  FAO  study 
assumes  that  it  is  likely  that  the  rainforest  will  continue  to  be  sacrificed  for  the  current 
unsustainable  methods  of  agricultural  production. 

The  three  assessments  approach  the  future  diet  of  the  developing  world  in  their 
assessments.  The  FAO  assessment  takes  a  conservative  approach  to  future  diets.  It 
acknowledges  that  diets  in  the  developing  world  are  relying  more  and  more  on  meat  and 
vegetable  oils,  which  require  greater  energy  and  resources  to  produce.  In  the  case  of  much 
of  the  developing  world,  however,  the  switch  to  a  Western  diet  has  already  occurred,  such 
as  with  China.  Where  it  has  not  yet  occurred,  it  is  less  likely  in  the  future  to  occur  because 
of  social  and  cultural  forces,  such  as  vegetarianism  in  India,  for  example.  Other  studies 
assume  that  economic  maturity  in  the  developing  world  will  produce  a  Western-style 
demand  for  meat  in  the  future  (Wright  et  al.  2013),  which  may  not  be  a  correct  assumption. 

The  main  methodology  that  the  FAO  proposes  the  world  will  use  to  increase 
agricultural  production  in  the  future  is  increased  yields  and  increased  cropping  intensity, 
especially  for  areas  of  the  world  that  do  not  have  adequate  land  resources  for  future 
agriculture  expansion.  The  WRI  assessment  is  critical  of  this  assertion  by  the  FAO, 
suggesting  that  it  will  require  great  technological  innovations  to  achieve  greater 
agricultural  production  through  increased  yields.  This  may  in  fact  be  the  case — there  are 
studies  in  the  literature  on  world  yield  trends  in  many  commodities,  such  as  maize,  wheat, 
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and  soybeans,  that  show  that  current  and  projected  yields  of  these  crops  are  slowing  (Ray 
et  al.  2013). 

All  three  assessments  come  up  short  in  projecting  the  effects  on  the  global  food  supply 
of  less  predictable  variables,  such  as  climate  change,  ecological  disasters,  or  large  crop 
failures  to  major  breadbaskets.  In  addition,  the  carrying  capacity  of  humans  is  dynamic, 
and  how  we  choose  to  approach  the  future  will  affect  the  future  food  security.  Social 
choices  such  as  use  of  crops  for  the  production  of  biofuels,  the  developed  world  adopting 
vegetarianism,  or  the  developing  world  turning  to  the  Western-style  diet  are  aspects  of  the 
human  carrying  capacity.  These  global  “food  shocks”  could  conceivably  alter  many  of 
these  assessments.  (DARPA,  however,  asked  IDA  to  ignore  the  impacts  of  these 
unforeseeable  shocks  on  the  global  food  supply  in  the  current  assessment  and  concentrate 
on  the  current  agricultural  trends  to  assess  the  possibility  of  a  Malthusian  food  security 
crisis  looming  for  the  world  in  2050.) 

Despite  these  difficult  to  predict  food  shocks,  it  appears  to  IDA  that  there  should  be 
enough  worldwide  agricultural  production  to  ensure  that  the  world  population  has  adequate 
food  supply  for  an  “active  and  healthy  life”  in  2050.  As  the  USDA  assessment  emphasizes 
and  the  FAO  assessment  acknowledges,  food  access  and  distribution  are  the  major 
contributors  to  food  insecurity  in  the  future.  In  support  of  this  idea,  USDA  projects  that  40 
nations  will  be  insecure  in  2024  due  to  their  distribution  gap  metric.  However,  this  number 
falls  to  12  nations  if  the  distribution  gap  is  ignored  and  only  the  nutrition  gap  metric  is 
applied.  These  numbers  show  that  many  nations  will  have  an  adequate  food  supply,  as 
quantified  by  the  nutrition  gap  metric,  but  social  and  economic  factors  prevent  adequate 
distribution  among  the  population.  The  FAO  assessment  supports  these  ideas  by  asserting 
that  on  a  global  scale,  projection  of  production  shows  that  there  is  enough  future  production 
to  satisfy  food  demand  in  2050,  but  on  a  local  scale,  in  areas  of  the  world  that  have  not 
improved  economically,  food  insecurity  will  persist. 
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3.  Food  Security  in  China 


A.  Summary  of  China’s  Agriculture 

As  was  shown  in  the  previous  chapter,  China’s  economic  and  population  expansion 
has  increased  its  demand  for  agricultural  products.  As  we  will  see  below,  the  population 
expansion  led  to  an  unprecedented  increase  in  agricultural  production  within  the  country, 
but  the  rapid  expansion  of  production  has  come  at  a  cost.  Resources  for  agricultural 
production  are  now  strained  within  the  country,  and  widespread  pollution  on  land  and 
groundwater  is  the  result  of  fertilizer  misuse  (Zhang  et  al.  2013).  Economic  expansion  has 
exacerbated  the  problem  by  polluting  the  environment  with  toxic  metals.  Almost  all  the 
arable  land  has  now  been  occupied  through  habitation  or  used  for  agricultural  production. 
China  is  forced  to  employ  extensive  double-cropping,  which  is  the  practice  of  growing  two 
crops  on  the  same  land  in  the  same  growing  season.  Double  cropping  depletes  soils  of 
nutrients  and  therefore  requires  large  amounts  of  chemical  fertilizers,  which  further  pollute 
groundwater  supplies. 

Further  agricultural  expansion  to  meet  the  needs  of  an  expanding  population  is 
unlikely  to  come  by  expanding  arable  land  use  or  other  natural  resources  (Alexandratos 
and  Bruinsma  2012).  China  has  little  arable  land  for  further  agricultural  expansion.  Human 
habitation  is  also  encroaching  into  agricultural  regions,  further  depleting  available  arable 
land.  Unlike  in  the  West,  Chinese  fanns  are  small,  with  an  average  area  of  7  m  x  160  m 
(Zhang  et  al.  2013).  The  average  citizen  in  China  has  0.1  hectares  per  person;  in  the  United 
States,  this  value  is  0.7  hectares  per  person.  Agricultural  expansion  in  China  is  likely  to 
come  from  increased  yields,  cropping  intensity,  and  technological  advancements,  such  as 
using  resource-efficient  cultivars  and  genetically  modified  organisms  (GMOs). 

DARPA  was  interested  in  the  details  of  China’s  agriculture,  trade,  and  future 
prospects  for  food  security  since  it  appears  from  many  reports  that  the  country’s  situation 
may  be  tenuous.  IDA  has  used  China’s  agricultural  statistics  to  create  a  more  detailed 
picture  of  China’s  food  security  situation  today  and  its  prospects  for  the  future. 

B.  China’s  Agricultural  Production 

The  five  top  agricultural  commodities  for  China  are  rice,  wheat,  maize,  sweet 
potatoes,  and  fresh  vegetables.  Of  these,  rice  and  sweet  potatoes  were  the  dominant  crops 
until  the  1980s  (Figure  3-1).  In  the  21st  century,  the  growth  of  these  crops  has  leveled  off 
or  even  decreased,  while  maize  and  fresh  vegetables  are  now  seeing  dominant  growth. 
Maize,  an  important  crop  in  China,  is  mainly  produced  for  animal  feed  and  not  human 
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consumption.  The  increase  in  fresh  vegetable  production  is  seen  as  an  indicator  of  China’s 
graduation  to  a  more  Western- like  diet. 


China  Production  of  Top  Commodites 


Figure  3-1.  China’s  Top  Crop  Commodities  from  1961  to  2014.  Data  from  FAOSTAT. 


Further  evidence  of  the  shifting  diet  pattern  is  shown  in  China’s  meat  production 
(Figure  3-2).  China  has  been  increasing  meat  production  by  6.9%  annually  and  produces 
over  50  million  tons  of  pig  meat  per  year,  which  is  by  far  its  greatest  meat  product.  Chicken 
meat  production  has  also  been  on  the  steady  increase  since  the  1980s.  Production  of  other 
meats  such  as  cattle  and  mutton  has  been  more  flat  in  their  growth  rate.  Demand  for  meat 
in  China  appears  to  be  increasing  overall. 
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Figure  3-2.  China’s  Meat  Production  from  1961  to  2014.  Data  from  FAOSTAT. 


Total  yields  across  the  major  cereal  crops  have  been  increasing  over  the  past  several 
decades  (Figure  3-1).  Some  studies,  however,  indicate  that  yields  of  major  cereal  crops  are 
starting  to  stagnate  (Wei  et  al.  2015).  Production  per  capita  in  China  suggests  that  in  many 
cases,  consumption  of  many  commodities  per  person  is  relatively  flat.  For  cereals  (top  plot 
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in  Figure  3-3),  production  per  capita  is  flat  for  all  cereals,  while  production  is  increasing 
dramatically  for  fresh  vegetables,  further  indicating  China’s  emergence  as  a  Western-style 
diet.  Production  of  meat  per  capita,  as  well  as  vegetable  oils,  has  generally  been  increasing 
since  the  1980s  (Figure  3-4).  Vegetable  oils  appear  to  be  leveling  out  during  the  last  decade, 
but  meat  consumption  is  still  rising.  These  data  appear  to  contradict  the  FAO  assessment 
that  the  livestock  revolution  in  China  has  already  happened  (Chapter  2). 


Cereals 


200 


S^japsNPsrsMCOCOwjgjQgQo- 


- Cereals  (total) 

- Wheat 

Rice 

^—Barley 

- Mai/e 

- Millet 

- Sorghum 


Figure  3-3.  Production  Per  Capita  of  Cereals,  Oil  Crops,  and  Fresh  Vegetables  1961-2014. 

Data  from  FAOSTAT. 
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Figure  3-4.  Production  Per  Capita  of  Vegetable  Oils,  and  Meat  1961-2014.  Data  from 

FAOSTAT. 
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C.  China’s  Agricultural  Trade 

China’s  emergence  from  isolation  in  the  1960s  and  its  subsequent  economic  growth 
has  spurred  a  surge  in  international  trade.  The  cereal  trade  in  China  expanded  in  the  1970s 
and  1980s  (Figure  3-7).  However,  China’s  import  and  export  trends  in  the  agricultural 
sector  are  difficult  to  predict  (Gale  2015).  Trends  vary  according  to  the  policies  of  the 
Chinese  government,  which  seeks  to  protect  its  own  domestic  agricultural  market.  In  2001, 
when  China  ascended  to  the  World  Trade  Organization,  where  agricultural  trade  barriers 
are  generally  lowered,  it  was  expected  that  China  would  increase  imports  of  agricultural 
commodities,  but  this  has  not  been  the  case.  Chinese  leadership  insists  on  agricultural  self- 
sufficiency  and  has  enacted  policies  to  reinforce  this  idea.  Chinese  government  policy 
expects  the  country  to  be  95%  self-sufficient  in  cereal  grains.  Chinese  protectionist  policies 
are  in  conflict  with  international  agricultural  market  forces,  and  the  country  struggles  with 
the  tension  between  the  two.  Recently,  China  has  changed  policy  and  has  now  allowed  a 
certain  degree  of  supplemental  trade  in  agriculture  to  close  gaps  in  Chinese  domestic 
supply  of  agricultural  commodities.  The  United  States  has  recently  become  the  largest 
agricultural  trade  partner  with  China,  being  24%  of  Chinese  agricultural  imports  (Gale, 
Hansen,  and  Jewison  2015).  It  is  the  only  sector  of  the  economy  where  the  United  States 
has  a  trade  surplus  with  China. 

Figure  3-5  demonstrates  China’s  self-sufficiency  in  cereals  and  meats.  The  red  trace 
in  both  plots  shows  domestic  production  of  a  commodity,  and  the  blue  trace  indicates 
domestic  supply,  or  how  much  of  a  commodity  is  available  to  its  citizens.  As  can  be  seen, 
both  traces  follow  each  other  closely,  but  imports  and  exports  (green  and  purple  traces, 
respectively)  are  substantially  lower.  Domestic  production  dominates  the  domestic  supply, 
which  implies  Chinese  self-sufficiency  in  these  commodities.  On  the  other  hand,  similar 
plots  for  vegetable  oils  and  oil  crops  suggest  that  China  is  importing  a  substantial  fraction 
of  its  domestic  supply,  indicating  that  it  depends  on  the  open  market  to  meet  all  its  need 
for  these  commodities  (Figure  3-6). 
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Figure  3-5.  Self-sufficiency  of  China  in  Cereals  and  Meat.  Data  from  FAOSTAT. 
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Oil  Crops  Domestic  Supply 
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Figure  3-6.  Production  and  Domestic  Supply  Gap  for  Vegetable  Oils  and  Oil  Crops.  Data 

from  FAOSTAT. 


A  close-up  of  imports  and  exports  shows  that  for  all  commodities  the  current  trend  is 
for  increased  imports  with  very  limited  areas  of  export  for  China  (Figure  3-7  and  Figure 
3-8).  From  these  data  it  appears  that  China  is  becoming  a  net  importer  of  agricultural 
commodities. 
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Figure  3-7.  China’s  Imports  and  Exports  of  Cereals  and  Meat 
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Figure  3-8.  China’s  Imports  and  Exports  of  Vegetable  Oils  and  Oil  Crops 


The  above  trends  in  China’s  trade  suggest  that  the  nation  may  be  relying  on  imports 
more  and  more  to  supplement  its  agricultural  commodity  needs.  If  that  is  the  case,  there 
will  be  more  demand  from  China  in  the  future  from  the  GFS.  The  GFS  will  then  have  to 
expand  production  or  increase  prices  to  compensate,  which  may  leave  some  of  the  LDCs 


3-5 


more  food  insecure.  But  many  researchers  point  out  that  China’s  trade  and  agriculture 
policies  are  difficult  to  predict  due  to  China’s  conflicting  policies  of  self-sufficiency  and 
opening  its  agricultural  markets  to  the  world.  Some  have  concluded  that  we  may  not  be 
able  at  this  point  to  predict  trends  in  China’s  agricultural  demand  and  trade  since  China  is 
facing  unprecedented  challenges  in  its  agricultural  systems  (Gale  2015).  Depending  on 
how  China’s  gambles  on  agricultural  production  technologies  pan  out,  it  may  become  an 
overall  importer,  exporter,  or  self-sufficient  nation  in  agricultural  commodities. 

D.  Potential  Food  Security  Shocks 

Given  the  precarious  nature  of  China’s  current  food  security,  DARPA  was  interested 
in  the  potential  for  shocks  that  could  disrupt  China’s  food  supply.  To  that  end,  IDA 
investigated  China’s  climate  and  agricultural  resources  that  could  be  potentially  disrupted 
and  result  in  a  shock  that  might  affect  its  agricultural  production. 

China  is  a  large  country  (9.6  million  square  kilometers)  with  a  varied  geography  of 
mountains,  valleys,  plains,  plateaus,  and  hills.  China’s  location  in  the  southeast  portion  of 
the  Eurasian  landmass  makes  it  susceptible  to  many  climate  influences  (FAO  2012).  Cold 
Siberian  air  masses  in  the  north  and  subtropical  monsoons  in  the  south  affect  its  climate. 
In  the  north  and  northwest  of  the  country,  the  climate  is  arid;  the  west  of  China  is  dominated 
by  desert,  where  livestock  fanning  is  prominent.  The  north-central  area  (dominated  by  the 
northern  regions  of  the  Huang  River)  is  a  semi-arid  zone,  where  irrigated  maize,  wheat, 
and  cotton  are  grown.  The  northeast  zone,  dominated  by  the  Song-hua-Liao  river  basin,  is 
more  humid  and  better  suited  for  growing  irrigated  wheat,  maize,  and  soybeans.  However, 
cold  Siberian  weather  systems  limit  the  growing  season  in  this  area  of  the  country  to  the 
summer  months.  The  south  and  southwest  portions  of  the  country  have  a  subtropical 
climate.  The  monsoon  climate  of  the  south  near  the  Yangtze  and  Zhu  rivers  allow  double¬ 
cropping  and  a  year-round  growing  season.  Rice  is  the  dominant  crop  of  the  south. 

The  vast  majority  of  China’s  crop  production  is  irrigated  (72%)  rather  than  rain-fed, 
so  fresh  groundwater  is  an  extremely  important  agricultural  resource  for  China.  In  general, 
China  holds  20%  of  the  world’s  population  and  contains  the  fifth  largest  internal  renewable 
water  resources  in  the  world.  China  suffers  from  water  scarcity  and  highly  geographical 
disparity  of  water  resources,  however.  On  average,  China  has  2,079  m3/year  renewable 
freshwater  resources  per  capita,  while  the  world  averages  6,225m3/year  (FAO  2012). 
Precipitation  patterns  concentrate  water  resources  in  the  south  of  the  country,  but  the 
majority  of  the  irrigation- fed  croplands  and  population  are  located  in  the  north  (Figure  3-9). 
The  North  China  Plain,  where  much  of  the  population  and  30%  of  the  agricultural 
production  are  co-located,  is  facing  ever-increasing  depletion  of  groundwater  and  water 
table  decline.  In  the  North  China  Plain  the  renewable  freshwater  per  capita  is  only  293  m3, 
which  is  far  below  1,000  m3/year,  the  water  scarcity  standards  of  the  International  Panel 
for  Climate  Change  (Yang  2012).  In  the  south,  where  70%  of  the  fresh  groundwater 
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resources  of  the  country  are  located,  it  is  estimated  that  90%  of  the  groundwater  is  polluted, 
with  60%  of  the  total  seriously  affected  by  industrial  pollutants  brought  about  by  China’s 
rapid  economic  expansions  of  the  past  several  decades  (Qiu  2010). 


Arid  to  Semi-arid  to  Semi-humid 
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Figure  3-9.  China’s  Climate  and  Regional  Water  Stress.  Adapted  from  FAO  (2012). 


The  Chinese  government  has  implemented  policies  to  alleviate  the  water  disparity 
and  scarcity  within  the  country.  A  canal  project  to  direct  water  from  the  south  to  the  north 
that  will  potentially  transport  45  billion  m3/year  of  water  is  expected  to  be  completed  by 
2050  (Qiu  2010).  Water  efficiency  initiatives  for  both  drinking  and  irrigation  have  been 
encouraged  (Qiu  20 10;  Yang  2012),  but  it  is  not  clear  if  these  policies  will  alleviate  China’s 
ever-growing  need  for  renewable  water  resources. 

Arable  land  is  the  second  resource  that  is  becoming  ever  scarcer  in  China.  The  FAO 
assessment  of  agriculture  in  2050  indicates  that  here  will  be  no  arable  land  in  East  Asia  for 
expansion  of  agricultural  production  (Table  2-3).  Figure  3-10  shows  the  amount  of 
agricultural  area  in  China,  which  is  the  area  of  land  under  permanent  crops,  temporary 
arable  land,  and  permanent  pastures.  Despite  China’s  increased  agricultural  expansion 
since  1990,  the  agricultural  area  of  China  has  not  expanded.  If  the  area  harvested  is  plotted 
for  the  main  cereal  crops  in  China  (Figure  3-11),  it  can  be  seen  that  wheat  and  rice  crop 
areas  are  stagnating  or  decreasing  over  time,  while  the  area  for  maize  is  increasing.  China 
is  essentially  making  trade-offs  with  its  land  resources  since  there  is  no  additional  land  for 
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agricultural  expansion.  Any  additional  yield  increases  will  have  to  come  from  increased 
cropping  intensities. 


Figure  3-10.  China’s  Arable  Land  from  1961  to  2014.  Data  from  FAOSTAT. 
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Figure  3-11.  Crop  Area  Harvested  for  the  Three  Main  Cereal  Crops  1961-2014.  Data  from 

FAOSTAT. 


The  FAO’s  Land  Degradation  Assessment  (LADA)  shows  land  use  in  East  Asia 
(Figure  3-12).  The  figure  shows  the  concentration  of  agricultural  land  in  the  North  China 
Plain.  Magenta  represents  intensive  use  for  cropland  and  livestock;  orange  and  tan  are  used 
for  grasslands  and  pasture  for  livestock.  In  the  south,  there  is  a  mixture  of  high-intensity 
cropping  and  forest.  The  gray  area  in  the  west  is  bare,  unused  area  for  agriculture  since  it 
is  dominated  by  desert. 
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Figure  3-12.  China’s  Agricultural  Lands  and  Use 
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E.  China  and  Food  Security  Concerns 

It  can  be  seen  from  the  above  data  that  China  will  definitely  have  challenges  with  a 
lack  of  agricultural  resources  if  it  chooses  to  remain  agriculturally  self-sufficient  as  its 
population  expands  into  the  mid-21st  century.  Groundwater  and  arable  land  are  becoming 
increasingly  scarce,  and  double-cropping  is  already  pervasive  in  China.  The  cropping 
intensity  on  irrigated  land  in  China  is  172%  (FAO  2012),  which  means  that  almost  all  the 
irrigated  cropland  is  used  for  two  crops  a  season  (less  28%).  China  has  efforts  to  breed 
cultivars  that  are  more  water-efficient  and  tolerant  of  increased  cropping  intensity  (Zhang 
et  al.  2013).  Despite  import  bans  on  GMO  crops  and  the  Chinese  public’s  disapproval  of 
their  use,  the  Communist  government  has  made  it  a  policy  to  dominate  and  innovate  in  the 
field  (Larson  2015).  There  has  even  been  suspicion  of  GMO  seed  theft  that  would  send 
proprietary  U.S.  GMO  com  technology  to  China  (Edwards  2016). 

Should  China’s  planned  investments  in  technological  solutions  and  more  efficient 
water-management  policies  fail,  it  is  possible  that  China  will  turn  more  and  more  to  the 
global  food  market  to  make  up  for  shortfalls.  This  may  already  be  happening  as  China 
engages  Africa,  where  there  is  much  more  land  for  agricultural  expansion  (Buckley  2013; 
Scoones,  Cabral,  and  Tugendhat,  2013).  Perhaps  China  will  make  up  for  these  shortfalls 
through  the  modernization  of  African  agriculture. 
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4.  Food  Security  in  India 


A.  Summary  of  India’s  Agriculture 

Despite  India’s  status  as  a  fast-growing  and  emergent  economy,  it  lags  many  similar 
economies  in  food  security  (Narayanan  2015).  The  2015  FAO  food  insecurity  assessment 
indicates  that  the  PoU  for  India  is  15.2  %,  which  is  greater  than  the  global  PoU  of  10.8%. 
Other  so-called  emerging  economies,  such  as  China  and  Brazil,  have  PoUs  of  9.6%  and 
6.1%,  respectively  (FAO  2015).  India  has  been  addressing  food  insecurity  by  providing 
government  subsidies  of  seed,  fertilizer,  and  other  agricultural  resources  to  farmers  (Hoda 
and  Gulati  2013).  But  the  main  driver  of  food  insecurity  in  the  nation  continues  to  be  food 
access.  Much  of  India’s  rural  population  cannot  achieve  food  security  due  to  economic  and 
social  barriers  to  food.  India  is  attempting  to  address  this  deficiency  through  legislation 
such  as  the  National  Food  Security  Bill,  which  seeks  to  reinforce  the  individual  Indian’s 
right  to  food  (Narayanan  2015). 

As  in  China,  India’s  farms  are  mostly  in  the  hands  of  resource-poor  individuals.  Fanns 
are  typically  small  (less  than  4  hectares  in  area),  and  much  of  the  individual  population  of 
India  (49%)  works  at  fanning.  About  65%  of  the  operational  fanning  area  of  India  and 
95%  of  the  total  fanns  are  in  this  category.  Most  of  the  arable  land  in  India  has  already 
been  claimed  for  farming,  and  there  is  little  land  for  additional  expansion.  Unlike  China, 
however,  there  is  room  for  expansion  of  agricultural  production  in  the  form  of  yield 
increases.  Because  many  of  the  farms  are  in  the  control  of  resource-poor  individuals, 
technologies  spawned  by  the  Green  Revolution  of  the  1960s  that  have  improved  yields 
globally  (Khush  2001)  have  not  been  leveraged  by  many  farms  in  India. 

B.  India’s  Agricultural  Production 

India’s  top  agriculture  commodity  is  sugarcane,  followed  by  cereal  grains  of  wheat 
and  rice.  Vegetables  and  potatoes  are  also  significant  agricultural  products.  Sugarcane  is 
mostly  processed  into  commercial  products  and  exported.  Production  in  cereals  has  been 
steadily  growing,  with  wheat  production  increasing  at  an  annual  rate  of  4.2%  from  1961  to 
2013  (Figure  4-1).  As  expected,  meat  production  in  India  is  low  compared  with  other 
emerging  nations.  India  had  produced  approximately  6  million  tons  of  total  meat  in  2013 
(Figure  4-2)  compared  with  China’s  70  million  tons.  Meat  production  is  growing  at  a  rate 
of  1%  per  year  in  India;  in  China,  it  is  growing  at  nearly  7%  per  year. 
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Figure  4-1.  India’s  Top  Agricultural  Commodities.  Data  from  FAOSTAT. 


Meat  Production 


Meat  (total) 

- Bovine  Meat 

- Mutton  &  Goat  Meat 

—  Pig  Meat 

- Poultry  Meat 

- Meat  (other) 


Figure  4-2.  India’s  Meat  Production.  Data  from  FAOSTAT. 


Production  per  capita  in  India  is  also  relatively  flat  compared  with  China.  Cereal 
domestic  supply  has  been  flat  since  the  mid-1980s  for  cereal  grains  (Figure  4-3)  and,  over 
the  recent  short  tenn,  has  been  decreasing  for  meat  (Figure  4-4).  The  demand  (domestic 
supply)  for  vegetable  oil  per  capita,  however,  is  increasing  (Figure  4-5). 
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Figure  4-3.  India’s  Production  Per  Capita  of  Cereals.  Data  from  FAOSTAT. 
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Figure  4-4.  India’s  Production  Per  Capita  of  Vegetable  Oils  and  Meat.  Data 
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from  FAOSTAT. 


C.  India’s  Agricultural  Trade 

India  is  self-sufficient  in  many  areas,  including  cereals  and  meat,  but  depends  on 
imports  to  meet  consumption  demands  for  vegetable  oils  (see  Figure  4-5  and  Figure  4-6). 
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Figure  4-5.  India’s  Domestic  Supplies  of  Cereals  and  Vegetable  Oils.  Data  from  FAOSTAT. 
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Figure  4-6.  India’s  Domestic  Supply  of  Meat.  Data  from  FAOSTAT. 

In  the  early  21st  century,  India’s  food  production  explosion  has  allowed  it  to  become 
a  net  food  exporter  in  many  areas.  India  has  jumped  from  being  the  13th  largest  agricultural 
exporter  in  2004  to  the  7th  in  2013  (Flake  2014).  Meat  and  cereals  in  particular  are 
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contributors  to  India’s  agricultural  trade  surplus  (Figure  4-7).  The  majority  of  India’s 
agricultural  exports  are  destined  for  the  LDCs.  Sugar,  corn,  and  soybean  meal  are  the  major 
commodities  that  are  exported  to  LDCs  (Flake  and  Flake  2014). 
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Figure  4-7.  Imports  and  Exports  of  Cereals  and  Meat  by  India.  Data  from  FAOSTAT. 


D.  India  and  Food  Security  Concerns 

India’s  climate  is  dominated  by  the  monsoon  seasons  (FAO  2012).  In  the  winter, 
winds  flow  across  India  from  the  northwest,  bringing  cold  and  dry  air.  In  the  summer,  the 
winds  reverse  direction  and  bring  moist,  humid  air  from  the  southwest.  It  is  this  summer 
monsoon  that  produces  the  majority  of  India’s  rainfall.  The  country  averages  1,170  mm 
per  capita,  but  rainfall  varies  across  the  country.  The  northwest  part  of  the  country,  which 
is  relatively  arid  and  subject  to  drought,  averages  150  mm  of  rainfall  per  year.  In  the  other 
extreme,  the  northeast  part  of  the  country,  10,000  mm  of  rain  can  fall  in  a  period  of  a  few 
months.  The  rest  of  India  has  very  little  variability  in  annual  rainfall  totals,  and  the 
temperatures  are  conducive  to  year-round  agriculture. 

Water  resources  for  agriculture  are  relatively  plentiful.  In  addition  to  India’s  high 
rainfall  totals,  snowmelt  and  rainfall  in  the  Himalayan  mountains  in  the  north  provide  the 
majority  of  water  resources  for  the  country.  India  also  possesses  the  largest  irrigation 
system  in  the  world  to  feed  its  crops  with  the  Himalayan  runoff. 

India  possesses  the  second  largest  cropped  area  in  the  world  (FAO  2012),  where  52% 
of  the  total  land  area  is  arable.  Arable  land  is  distributed  fairly  evenly  throughout  the 
country,  but  as  Figure  4-8  shows,  the  land  area  that  contains  the  highest  concentrated  crop 
use  is  that  which  borders  the  Himalayan  mountains. 
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Figure  4-8.  India’s  Land  Use 
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Several  indicators  point  to  the  idea  that  India’s  future  food  security  may  be  assured. 
The  country  has  plentiful  resources  of  land  and  water.  Cropping  intensity,  which  at  130% 
is  quite  low,  suggests  that  India  has  adequate  room  for  increased  production  this  century 
through  double-cropping  and  increasing  the  crop  density.  Modernizing  India’s  irrigation 
system  for  more  efficient  water  use  and  taking  advantage  of  achievements  of  the  Green 
Revolution  may  increase  yields  of  existing  crops. 

Meat  consumption  per  capita  in  the  country  is  not  increasing  and,  in  fact,  is  leveling 
off  or  decreasing.  The  decreasing  demand  for  meat  and  increasing  demand  for  vegetable 
oil  may  reflect  India’s  preference  for  vegetarianism  and  is  one  example  where  human’s 
carrying  capacity  is  flexible  based  on  social  choice.  India  is  capable  of  producing  and 
exporting  meat  products,  but  chooses  not  to  consume  them  internally.  This  trend  in  India 
may  be  an  example  of  the  danger  of  projections  based  on  assuming  that  the  entire  world 
will  adopt  a  Western-style  diet  of  greater  mean  production  (Alexandratos  and  Bruinsma 
2012;  FAO  2012). 

India’s  current  growth  into  a  net  exporter  of  agricultural  commodities  is  also  a 
positive  indicator  of  future  increased  food  security.  The  expanded  use  of  natural  resources, 
increases  in  yield  and  cropping  intensity,  and  low  demand  for  meat  may  be  sufficient  to 
ensure  that  India  can  meet  its  future  food  demands.  However,  India  still  has  internal  food 
security  deficiencies  in  that  food  access  is  still  a  problem  for  the  country. 
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5.  Will  There  Be  a  Food  Crisis  in  2050? 


A.  Global  Food  Security  Conclusions 

IDA’s  review  of  the  literature  and  analysis  of  agricultural  data  has  not  found 
overwhelming  evidence  that  there  will  be  a  global  food  shortage  in  2050.  There  is  evidence 
however,  that  food  security  will  be  lacking  on  the  local  scale  in  2050  just  as  it  is  today. 
Food  shocks  will  persist  and  cause  food  prices  to  spike  in  certain  areas  of  the  world,  which 
may  temporarily  disrupt  food  security,  especially  in  LDCs.  A  closer  look  at  food  security 
in  the  two  largest  emerging  economies,  India  and  China,  has  revealed  that  there  may  be 
some  cause  for  concern,  especially  in  China,  that  these  countries  may  start  to  rely  more  on 
the  GFS  to  feed  their  expanding  populations.  China,  which  is  facing  a  lack  of  available 
agricultural  resources  to  expand  domestic  production,  may  start  to  import  food 
commodities  from  the  GFS  at  a  higher  rate.  India  may  start  to  adopt  a  Western-style  diet 
in  the  future,  which  may  increase  the  world  demand  for  meat.  These  possibilities  will 
present  themselves  as  shocks  to  the  GFS,  and  it  is  unclear  at  present  how  they  will  affect 
the  global  food  market  in  the  future.  The  uncertainty  of  the  future  of  the  livestock 
revolution  presented  in  this  analysis  may  warrant  DARPA  to  consider  technologies  for 
either  the  rapid  production  of  meat  or  protein. 

IDA  was  specifically  asked  not  consider  the  effects  of  climate  change  in  its 
assessment.  During  the  analysis,  however,  it  became  clear  that  the  effects  of  climate  change 
may  be  the  most  important  shock  that  will  affect  global  food  security  in  the  21st  century. 
The  subject  of  climate  change  and  its  effect  on  global  food  security  is  an  extremely 
complex  problem;  there  is  no  consensus  on  its  future  global  effects  (Wheeler  and  von 
Braun  2013).  It  is  clear,  however,  that  it  will  have  some  currently  unpredictable  effects  on 
global  food  security  that  may  alter  assessments  made  in  this  analysis.  DARPA  should  be 
aware  that  our  assessment  could  change  dramatically,  depending  on  the  future  effects  of 
climate  change. 

B.  Future  DARPA  Investment 

Researchers  are  starting  to  converge  on  the  idea  that  climate  change  has  already  had 
significant  effects  on  the  global  environment.  One  of  the  major  effects  already  being  felt 
by  the  global  population  is  that  of  water  scarcity  (World  Bank  2016).  Irrigation  from 
groundwater  sources  is  an  important  aspect  of  modern  agriculture.  As  we  have  seen  in 
China  (Chapter  4),  the  majority  of  Chinese  crops  are  irrigation-fed  rather  that  rain-fed. 
Surface  and  under-surface  groundwater  sources  throughout  the  world  are  becoming 
stressed  from  overuse  (Richey  et  al.  2015a,  b)  and  shifting  rain  patterns  due  to  climate 
change.  Dwindling  groundwater  has  been  linked  to  lapses  in  food  security  that  have  sent 
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shocks  through  local  food  networks  (Kelley  et  al.  2015).  The  result  of  these  shocks  can 
have  devastating  effects  on  local  populations  that  can  lead  to  conflict  or  even  mass 
migrations  (World  Bank  2016).  DARPA  may  wish  to  consider  investments  in  technologies 
that  could  purify  large  quantities  of  water  that  could  meet  both  future  agricultural  needs 
and  those  of  the  expanding  population  of  2050. 
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